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I .  INTRODUCTION 


This  Investigation  had  a  twofold  objective: 

l.  To  determine  the  effects  of  threat  projectile  damage  on  the 
structural  rigidity  of  the  UI1-IB  tall  boom  under  flight  loads.  If  the 
tall  rotor  drive  shaft  coupling  Is  too  greatly  misaligned  It  will  fall 

under  load  resulting  In  the  loss  of  the  helicopter. 

2.  To  estimate  the  effect  on  the  rigidity  of  the  tail  boom  of 
replacing  the  aluminum  alloy  in  the  structure  with  T300/5208,  graph- 
Ite/epoxy  fibrous  composite  material. 

The  model  of  the  UH-1B  tail  boom  used  in  the  analysis  was  originally 

prepared  under  contract  by  Kamen  AviDyne^  (KAD)  for  the  Ballistic 
Research  Laboratory.  The  model  consisted  of  beams  representing  the 
stringers,  bulk  heads,  and  longerons  and  of  thin  plates  representing  the 
skin.  The  KAD  report  describes  the  model  in  good  detail.  Figures  1-4 
are  from  that  report.  For  further  detail  on  the  assumptions  that  went 

Into  preparing  the  model  it  is  recommended  that  a  copy  of  the  report  be 

obtained  from  the  Defense  Technical  Information  Center*.  Figure  1  gives 
the  tail  boom  stations  with  side  and  top  views  of  the  tail  boom.  The 
skin  is  made  of  2024  T3  aluminum  alloy  with  a  modulus  of  elasticity  of 

7.31x10^  MPa  (10.6  x  10^  psi)  and  a  mass  density  equal  to  2.672x10^ 

kg/m^  (0.00025  lb  se~2/in^).  The  stringers,  bulk  heads,  and  longerons 
are  made  of  7075  T6  aluminum  alloy  with  a  modulus  of  elasticity  of 

7.10x10^  MPa  (10.3  x  10^  psi)  and  a  mass  density  of  2.672x10^  kg/m^ 

(0.00025  lb  sec2/in^).  Figures  2-4  Illustrate  the  NASTRAN  model  develop¬ 
ed  by  KAD  and  give  the  numbering  schemes  for  the  grid  points,  beam 
elements,  and  plate  elements,  respectively. 

II.  PROCEDURE 

The  investigation  was  accomplished  by  using  the  NASTRAN*-  code,  a 
complex  computer  program  employing  the  finite  element  method.  NASTRAN 
calculations  for  static  analysis  were  performed,  17  for  the  aluminum 
alloy  construction  and  18  for  the  same  structure  but  using  the  material 


^Raffl  P.  Yeghiayan,"  Modeling  of  the  UH-1B  Tail  Boom  for  Analysis  by 
the  NASTRAN  Computer  Program",  Ballistic  Research  Laboratory  Contract 
Report  00358,  Kamen  AviDyne,  Burlington,  MA,  Feb  1978,  AD#A052303 

2 

The  NASTRAN  User's  Manual  (Level  17.0),  National  Aeronautics  and  Space 
Agency  Special  Report  222(04),  Wash.,  DC,  Dec  31,  1977 

*Cameron  Station,  Alexandria,  VA  22314 


properties  of  T300/520R  high  strength,  graphite-epoxy  fibrous  compos¬ 
ite.  The  relative  displacements  of  the  four  points  at  the  rear  of  the 
tall  boom,  with  the  front  of  the  tall  boom  fully  constrained,  were  used 
as  a  measure  of  the  deterioration  of  the  structural  rigidity  of  the  tall 
boom  due  to  projectile  damage.  These  displacements  were  compared  with 
the  non-damaged,  non-loaded  tail  boom.  The  flight  loads  that  would  be 
Imposed  on  a  helicopter  cruising  at  130  knots  were  simulated  by  loading 
the  structure  to  simulate  the  loads  and  torques  that  the  rotor  thrust 

and  elevator  would  cause  at  cruise  velocity.  The  assumption  was  made 
that  a  large  hole  or  tear  in  a  skin  panel  or  a  break  in  a  longeron, 

stringer,  or  bulk  head  section  would  destroy  the  structural  Integrity  of 

the  element  representing  that  skin  panel  or  section.  In  the  model,  that 
damaged  element  was  then  deleted.  The  investigation  was  conducted  by 
systematically  deleting  panels  and  bar  elements  to  simulate  greater 
damage.  Damage  to  the  left  and  to  the  right  side  of  the  tail  boom, 
looking  forward,  were  studied  because  the  right  side  has  thicker  skin 

than  the  left  side.  Furthermore,  the  longitudinal  strains  were  general¬ 
ly  compressive  on  the  right  side  and  tensile  on  the  left  side.  In  Table 
I,  the  numbers  of  the  elements  deleted  refer  to  Figures  3  and  4.  As  may 
be  noted,  the  100  and  200  series  numbers  refer  to  the  bar  elements  and 
the  400  series  to  the  plate  elements.  Figures  3  and  4  used  in  conjunc¬ 
tion  with  Table  I  make  it  possible  to  visualize  which  structural  ele¬ 
ments  of  the  helicopter  were  deleted. 

Figures  5-7  are  pictures  of  UH-1B  tail  booms  that  were  used  in 
experiments  some  years  back  (about  1975),  when  23  ram  explosive  projec¬ 
tiles  were  fired  at  tail  booms.  The  damage  configurations  as  selected 
for  investigation  with  the  present  finite  element  method  are  therefore 
typical  of  the  damage  to  be  expected.  Generally,  there  is  a  small  hole 
on  the  side  where  the  projectile  entered;  the  heavy  damage  is  to  the 

opposite  side  when  the  delay-fused  projectile  explodes  inside  the  tail 
boom  and  sends  the  blast  force  and  fragments  in  a  forward  cone.  In  the 
experimental  investigation,  the  damage  did  not  result  in  structural 
failure  of  the  tail  boom  for  the  damage  pictured  in  Figures  5-7.  How¬ 
ever,  the  question  was  raised  as  to  whether  the  loss  of  rigidity  could 
result  in  misalignment  of  the  drive  shaft  and  damage  to  the  rotor  drive 
shaft  coupling  with  resultant  failure  of  the  drive  shaft  and  loss  of  the 
helicopter.  Configurations  1  through  6,  Table  I,  are  typical  of  Figures 
5  and  6  where  the  damage  is  to  a  forward  portion  of  the  tail  boom. 
Configurations  7  and  8  are  typical  of  Figure  7  where  the  damage  is  to 

the  rear  of  the  tail  boom.  Tables  were  constructed  to  give  the  dis¬ 

placements  of  the  points  at  the  rear  of  the  loaded,  undamaged  tail  boom 
and  the  loaded  tail  boom  with  simulated  damage  relative  to  the  undam¬ 
aged,  unloaded  state.  The  heading  "Nomenclature”  is  defined  in  Table 

!  .  "Material  Lost”  refers  to  the  mass  of  the  deleted  elements.  "Direc¬ 
tion",  "X",  "Y” ,  and  "Z”  gives  the  displacement  of  the  grid  points  in 

the  three  coordinate  directions  shown  on  Figure  2  and  "R",  which  is  the 
square  root  of  the  sum  of  the  squares  of  the  three  coordinate  displace¬ 
ments,  gives  the  total  displacement  of  the  grid  points  specified.  The 
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Tahle  T.  Nome  no  la  t  ore  for  Damage  Configurations  that  were 


Women-  Left(L)  or  Deleted  Elements  Configuration 

clature  Right(R)  side 


0 

No  elements  deleted 

1 

L 

413 

R 

419 

2 

L 

413,136,414 

R 

419,141,418 

3 

L 

413,147,425 

R 

419,153,431 

4 

L 

425,147,413,136,414 

R 

431,153,419,141,418 

5 

L 

413,147,425,160,426,148 

414,136 

R 

419,154,431,165,430,153 

418,141 

6 

L 

413,147,425,160,426,161 

148,137,414,136 

R 

419,154,431,165,430,164 

153,140,418,141 

7 

L 

456 

R 

458 

8 

L 

456,221 

R 

458,222 

11 

>11 splacements  are  Riven  in  millimetres  and  inches.  The  values  of  the 

displacements  are  given  in  an  exponential  format,  i.e.,  2.05-2  means 

2.05  x  10-2. 

III.  DISCUSSION  OF  RESULTS 

Table  II  contains  the  results  of  the  calculations  for  the  tail  boom 
constructed  of  aluminum  alloy  with  the  damage  to  the  right  side  of  the 
helicopter.  Examination  of  the  Table  reveals  that  the  total  displace¬ 
ment  of  any  of  the  reference  grid  points  is  at  most  13.2  mm  (0.521 
in.).  Figure  S  is  a  graph  of  the  total  deflection  of  points  on  the  rear 
of  the  tail  boom  versus  mass  of  aluminum  alloy  removed  from  the  forward 
righi  side  of  the  tall  boom.  As  may  be  noted,  the  deflection  is  quite 

linear  with  mass  removed  until  about  1  kg.  Then  with  further  removal 
the  displacements  become  nonlinear  suggesting  a  more  rapid  approach  to 
failure  with  further  loss  of  material.  Table  HI  contains  the  results 
lit  calculations  for  the  tail  boom  constructed  of  aluminum  alloy  but  with 
the  damage  now  to  the  forward  left  side.  Maximum  displacement  of  the 

reference  grid  points  for  the  configurations  investigated  was  11.6  mro 
(0.45f>  in.)  Figure  9  is  a  graph  of  deflection  of  points  on  the  rear  of 
tin'  tail  boom  versus  loss  of  mass  of  aluminum  alloy  removed  from  the 
forward  left  side  of  the  structure.  Due  to  the  lighter  weight  panels  on 
the  [eft  side,  the  material  loss  never  exceeded  1  kg,  and  there  was  no 
evidence  of  nonlinear  behavior  to  greater  displacement  with  further 
material  loss.  In  fact,  the  displacement  of  the  points  tend  to  flatten 
out  with  loss  above  0.54  kg  (L.tfi  Ih)  and  rise  less  rapidly.  This  seems 
to  be  related  to  a  structural  rather  than  material  response  since  it 
also  appears  in  a  subsequent  response  to  damage  on  the  left  side  with 
the  structure  made  of  composite  material. 

ifter  calculating  the  displacements  for  the  various  damage  configur¬ 
ations  with  the  tall  boom  constructed  of  aluminum  alloys,  the  calcula¬ 
tions  were  repeated  using  the  material  properties  of  T300/520 8  which  is 
a  high-strength,  graphite-epoxy,  fibrous  composite.  The  skin  plates 
were  assumed  to  be  constructed  of  [0,±45,90]g  layered  composite  and  the 

beam  elements  of  [0,±45]s  layered  composite.  T300/5208  was  recommended^ 

as  being  high  strength  and  considerably  less  expensive  than  the  ultra- 
high  modulus  graphite-epoxy.  Since  the  composites  have  less  strength  in 
compression  than  in  tension,  the  material  moduli  of  elasticity  for  both 
'.r  il''s  were  used  in  the  calculations.  For  damage  on  the  left  side  the 

.  ensile  moduli  were  used,  5.59  x  10^  MPa  (8.11  x  10^  psi)  for  ttie  plate 

elements  and  6.50  x  10^  MPa  (9.42  x  10^  psi)  for  the  beam  elements.  For 

A 

damage  on  the  right  side  the  compressive  moduli  were  used,  5.38  x  10 


'’’rivate  communication  with  Mr.  Michael  Dull  I  ,  Air  Force  Material 
Laboratory,  Wright  Patterson  Air  Force  Base,  Dayton,  OH. 


Table  II.  Damage  to  Right  Side  of  Helicopter  Tail  Boom  Constructed  of  Aluminum  C'loy 
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Table  III.  Damage  to  I^-ft  Side  of  Helicopter  Tail  Boom  Constructed  of  Aluminum  Alloy 
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MPa  (7.81  x  10 ^  psl)  for  tlu>  plate  elements  and  6.43  x  10^  MPa  (9.32  x 

6  3  3 

10°  psi)  for  the  beam  elements.  A  mass  density  of  1  .603x10  kg/m 

f 

(0.00015  lb  ser^/in.  )  was  used  for  the  beam  and  plate  elements.  The 
total  displacements  for  the  various  damage  configurations  for  the  right 
side  of  a  tall  boom  constructed  of  T300/5208  composite  are  compiled  in 
Table  IV.  The  maximum  displacements  of  the  reference  Rrtd  points  was 
17.0  nan  (0.668  in.).  Figure  10  Is  a  graph  of  the  relative  displacement 
of  points  on  the  rear  of  the  tall  boom  versus  composite  material  lost 
through  simulated  projectile  damage  to  the  right  side.  For  the  same 
amount  of  damage  loss  of  weight,  the  displacements  for  aluminum  are  less 
than  for  composite  material,  as  is  to  be  expected,  since  the  aluminum 
has  a  higher  modulus.  The  nonlinearity  of  response  sets  in  at  above 
0.4  kg  (0.88  lb)  for  the  composite,  less  than  for  aluminum,  for  the  same 
reason,  lower  modulus.  Table  V  Is  a  tabulation  of  displacements  versus 
material  lost  on  the  left  side  of  the  tall  boom.  The  maximum  displace¬ 
ment  of  the  reference  grid  points  is  14.2  mm  (0.558  In.).  Figure  11  Is 
a  graph  of  displacements  versus  material  lost  due  to  damage  to  the  left 
side  of  the  tall  boom  constructed  of  T300/5208  composite  material .  The 
response  again  appears  to  flatten  out  after  rising  linearly  with  weight 
loss.  The  effect  of  the  lower  modulus  of  the  composite  compared  t  , 
aluminum  is  apparent  as  the  change  in  response  takes  place  at  a  lower 
weight  loss. 

Note  that  the  points  for  configurations  with  nomenclature  7  and  P 
were  not  plotted  on  the  graphs.  Since  the  damage  for  these  configura¬ 
tions  was  to  the  rear  left  and  right  side  of  the  helicopter  tail  boom 
the  response  was  very  different  from  that  for  damage  to  the  front. 
Plotting  them  on  the  same  graphs  would  not  be  relevant.  Suffice  to  sav 
that,  although  the  damage  loss  of  material  was  greater,  the  deflection 
response  was  less  than  for  damage  to  the  front  side.  The  weakened 
structure  gives  at  the  point  of  damage  and  the  deflection  transmitted 
through  a  lever  arm  that  is  the  length  of  the  tail  boom  from  the  damaged 
frontal  area,  gives  a  larger  deflection  at  the  rear  than  for  an  equiva¬ 
lent  amount  of  yielding  at  the  rear  damage  transmitted  through  the 
smaller  lever  arm. 

The  undamaged  configuration,  nomenclature  0,  in  Tables  IV  and  V  show 
displacement  differences  amounting  to  between  2.5  and  3.2  percent  due  to 
using  the  compressive  moduli  in  one  calculation  and  the  tensile  moduli 
in  the  other.  The  differences  in  displacements  amount  to  0.4  mm  (0.016 
In.)  at  all  four  points,  a  negligible  amount  of  difference. 

In  a  test  program  conducted  by  Bell  Helicopter  Company^  in  1975  to 
reduce  the  vulnerability  of  the  tail  boom,  the  effect  of  misalignment  on 
the  tail  rotor  drive  shaft  was  analyzed.  The  analysis  was  based  on  the 

4 

D.A.  Reisdorfer:  TailBoom  Vulnerabiity  Reduction  Test  Program, 

Interim  Report  No.  1,  Volume  I,"  Report  No.  699-099-004,  Aug.  1 9  7  S  > 
Boeing  Helicopter  Company,  Ft.  Worth,  TX 
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Cent.  Damage  to  Left  Side  of  Helicopter  Tail  Boom  Constructed  of  T300/5208  Composite 


limiting  st  ress  levt-1  of  the  couplings  In  the  drive  Bhaft  using  experi¬ 
ence  from  studies  of  other  couplings.  The  coupling  set  was  analyzed  for 
the  cruise  condition  of  the  helicopter  which  would  require  40  HP  through 
tne  tall  rotor  drive  system.  Results  indicated  that  for  the  helicopter 
to  maintain  a  sustained  cruise,  and  then  hover  long  enough  to  land,  the 
maximum  coupling  misalignment  that  could  be  tolerated  would  be  2.5 
degrees.  1'slng  the  fact  that  the  tail  rotor  drive  shaft  Is  supported  at 
station..  ’41.1  and  slightly  aft  of  station  194.1,  an  incremental  deflec¬ 
tion  ot  '-I-  .h  mm  (2.21  In.)  was  ealulated  as  the  maximum  that  could  be 
tolerated  between  these  two  stations  for  extended  cruise  conditions.  An 
even  greater  deflection  would  then  occur  at  tall  boom  station  227.0  due 
to  the  additional  lever  arm.  The  deflections  that  were  calculated  In 
the  present  study  with  the  damage  Inflicted  are  considerably  lower  than 
the  above  tlgures.  However,  a  NASTRAN  model  of  the  tall  boom  would  be 
expected  to  be  stlffer  than  an  experimental  counterpart.  Among  other 
possible  reasons  are  that  the  model  has  no  slippage  at  rivet  points,  and 

•lie  skin  is  not  permitted  to  buckle  and  so  is  stlffer. 

\  farther  consideration  Is  that  the  tall  boom  constructed  of  alumi¬ 
na:"  alloy  had  a  structural  weight  of  57.7  kg  (127.1  lb),  and  in  the 
■side l  additional  nons t rue t ura l  weight  amounting  to  24.0  kg  (52.9  lb)  was 
distributed  along  the  length  of  the  tail  boom.  Replacement  by  the 
lighter  weight  composite  would  result  in  a  weight  saving  of  from  23.1  kg 
(50.0  i b >  to  32.7  kg  (72.0  lb),  depending  upon  to  what  extent  the  alumi¬ 
num  alloy  could  he  replaced  by  the  composite  material.  This  reduction 
In  weight  could  make  the  helicopter  more  maneuverable  or  better  able  to 
carrv  a  larger  payload.  Another  consideration  is  whether  use  of  the 
rare  expensive  ultra-modulus  composite,  with  a  modulus  almost  twice  that 
of  ,'10:1/  520(1  and  about  5071  greater  than  the  aluminum  alloy,  is  war¬ 
ranted.  The  density  of  the  ultra-modulus  graphite/epoxy  is  only  about 

two  percent  greater  than  that  of  T300/5208  and  therefore  the  weight 
savings  would  be  comparable. 


IV.  CONCLUSION 

The  investigation,  using  the  NASTRAN  code  showed  that  the  loss  of 
rlgiditv  due  to  simulated  projectile  damage  was  not  sufficient  to  result 
In  misalignment  of  the  rotor  drive  shaft  to  a  degree  that  would  result 
in  f  li!  ire  of  the  drive  shaft  coupling  for  tailbooms  of  aluminum  or  of 
- 1.., y  craphi  te/epoxy  composite  material.  While  the  T300/  5208  tail 
K" if  was  less  rigid,  the  calculations  indicated  displacements  that  were 
not  mt  Hr  tent  to  cause  drive  stiaft  failure  according  to  the  criterion 
set  hv  the  Bell  study. 

T1'*'  composite  material  nart  of  the  problem  was  treated  by  simply 
1  mein, ,  t  lie  material  constants  from  those  of  aluminum  to  those  of  the 
-  -no site.  It  is  probable  that  if  a  tail  boom  Is  designed  using  fibrous 
-inns i to  material  that  the  construction  of  the  tail  boom  would  result 
; -  :  i  ns i in rabl v  different  structure  than  the  skin  plates,  stringers, 


I 


longerons  and  bulk  heads  that  are  used  In  the  aluminum  alloy  design.  It 
would  also  be  of  interest  to  compare  the  responses  of  composite  and 
aluminum  alloy  structures  for  explosive  projectiles  like  the  23  mm. 
Would  the  damage  be  greater  or  less  per  hit?  Would  the  blast  result  in 
considerable  delaraination  which  would  seriously  affect  the  integrity  of 
the  structure?  Another  factor  is,  of  course,  the  coat,  not  only  of  the 
materials  themselves  but  also  of  fabrication  of  the  structure.  In  the 
final  decision  as  to  which  material  to  use,  all  of  the  above  factors 
must  be  considered. 

Conducting  an  experiment  to  evaluate  the  actual  deflection  under 
load  of  a  model  closely  approximating  the  one  used  in  the  NASTRAN  calcu¬ 
lations  would  also  be  useful. 
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CAMBERED  TAIL  FIN  UH-1B  64*14101 


Figure  1.  UH-lR  Tail  Boom;  Side,  Front  Views  and  Stations 


w  » 


Figure  5.  Damage  to  Left  Side  from  Single  23  mm  Explosive  Projectile  Hit  on  Forward  Right  Side  of 
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DAMAGE  LOSS  OF  STRUCTURAL  WEIGHT  (kg) 


Figure  9.  Displacements  vs.  Damage  Weight  l.oss 


33 


T3 

V 

* 

I- 

i~> 

Cfi 

c 

a 

e 

o 

a 


V- 

0/ 

c* 

c. 

•*~4 

Q 


0) 

k 

3 

&C 

•*-* 

Ik 


DAMAGE  LOSS  OF  STRUCTURAL  WEIGHT  (kg) 


'TJ 

<h 

u 

4_* 

Vj 

c 


CO 

» 

o 


o 

d 


o 


oj 

o 


SINlOd  Q\HO  dO  !N3W3DVldSia  1V101 


c 

a> 

E 

ai 

u 

Cl 

a: 


0) 

Wt 

3 

at 


DAMAGE  LOSS  OF  STRUCTURAL  WEIGHT  (kg) 


DISTRIBUTION  LIST 


No .  of 

Copies  Organization 

12  Commander 

Defense  Technical  Information 
Center 

ATTN:  DDC-DDA 

Cameron  Station 
Alexandria,  VA  22314 

1  Director 

Defense  Advanced  Research 
Projects  Agency 
1400  Wilson  Boulevard 
Arlington,  VA  22209 

2  Director 

Weapons  System  Evaluation  Gp 
Washington,  DC  20305 

1  HQDA  (DAMA-AR-A) 

Washington,  DC  20310 

1  HQDA  ( DAMA-WSM) 

Washington,  DC  20310 

1  HQDA  (DACS-BM7-A) 

Washington,  DC  20310 

1  Commander 

US  Army  Concepts  Analysis 
Agency 

8120  Woodmont  Avenue 
Bethesda,  MD  20014 

1  Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCDMD-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

2  Commander 

US  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-TSS 

Dover,  NJ  07801 


No .  of 

Copies  Organization 

3  Commander 

US  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-l.EP-L,  Tech  1.1  h 

DRCPM-ARGADS 
DRSAR-RDF 

Rock  Island,  II.  61299 
3  Commander 

US  Army  Aviation  Research 
and  Development  Command 
ATTN:  DRDAV-E 

DRDAV-DI,  G.  Kovacs 
DRCPM-ASE 
P.  0.  Box  209 
St.  Louis,  MO  63186 

1  Director 

US  Army  Air  Mobility  Research 
and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 

2  Director 

Applied  Technology  Laboratory 
US  Army  Research  &  Technology 
Development  Laboratories 
ATTN:  DAVDL-F.U- VAT ,  Mr. 
Merritt;  DAVDL-PP,  Mr. 

Morrow;  DAVDL-ATL-ASI 
and  DAVDL-RM 
Fort  Eustis,  VA  23604 

1  Commandant 

US  Army  Troop  Support  Command 
ATTN:  Sys  Anal  Ofc 
4300  Goodfellow  Boulevard 
St.  Louis,  M0  63120 

1  Commander 

US  Army  Communications  Research 
and  Development  Command 
ATTN:  DRDC0-PPA-SA 
Fort  Monmouth,  NJ  07703 


35 


f 


DISTRIBUTION  LIST 


No  .  of 

Copies  Organization 

1  Commander 

('S'  Armv  Fleet  ronics  Research 
and  Development  Command 
Technical  Support  Activity 
ATTN:  DF  LSD- 1. 

Fort  Monmouth,  NJ  07  701 

1  Commander 

US  Arnv  llarrv  Diamond  Iahs 
\  VTN :  DI'LDD-TI 
.'Si'll  Powder  Mill  Road 
Viol  phi,  MD  70783 

Commander 

US  Armv  Missile  Research 
and  Development  Command 
A’TN:  PR  SMI -R 

DR SMI -CM 
DR  SMI -RFC. 

DRSMI-YDL 

DRCPM-MDET-PA 

DRCPM-HA 

DRCPM-SHO-F. 

Redstone  Arsenal,  AL  35809 

!  Commander 

!-R  Arnv  Mob-'lity  Equipment 
Research  &  Development  Cmd 
ATTN :  DRDMF.-WC 

Fort  Belvoir,  VA  22060 

7  Commander 

US  Army  Tank  Automotive 

Research  &  Development  Cmd 
ATTN:  DRDTA-RWL 

DRD  TA-UL  (2  cys) 
Warren,  MI  48090 

1  Commander 

US  Army  Natick  Research 
and  Development  Command 
ATTN:  DRXRD,  Dr.  Selling 

Natick,  MA  01762 


No .  of 

Copies  Organ! za  t Ion 

1  President 

DS  Army  Aviation  Test  Board 
Fort  Rucker,  AL  36360 

1  Pres  I  ile n  l 

US  Armv  Infantry  Board 
Unrt  Henning,  GA  71905 

1  Director 

DS  Army  Materials  and 

Mechanics  Research  Center 
ATTN:  DHXMR-RD 

Watertown,  MA  02172 

1  Commander 

US  Army  Foreign  Science 
and  Technology  Center 
Federal  Office  Building 
ATTN:  DRXST-CB,  Mr.  Petrie 
220  Seventh  Street,  NF. 
Charlottesville,  VA  22901 

1  Commander 

US  Army  Logistics  Center 
Fort  Lee ,  VA  27801 

1  Commander 

US  Army  Forces  Command 

ATTN:  AVN  SF.C 

Fort  McPherson,  GA  30330 

1  Commander 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range, 

NM  88002 

1  Commander 

US  Army  Experimentation  Comman. 
ATTN:  CSCC  Ln  Ofc 

Fort  Ord,  CA  93^41 


76 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 

1  Commander 

US  Army  Combined  Arms 
Combat  Developments 
Activity 

Fort  Leavenworth,  KS  66027 
1  Commandant 

,TS  Army  Transportation  Corps 
Schoo 1 

Fort  Fust  is,  VA  23604 
1  Commander 

US  Army  Air  Defense  Human 
Research  Unit 
ATTN:  ATHRD 

Fort  Rliss,  TX  79916 

1  Commandant 

US  Army  Armor  School 
ATTN:  Armor  Agency 

Fort  Knox,  KY  40121 

1  Commander 

US  Army  Infantry  School 
ATTN:  Infantry  Agency 

Fort  Henning,  GA  31905 

1  Commandant 

US  Army  Air  Defense  School 
ATTN:  Air  Defense  Agency 

Fort  Bliss,  TX  79916 

l  Commandant 

US  Army  Aviation  School 
Fort  Rucker,  AI.  36360 

1  Commander 

US  Army  Field  Artillery 
School 

ATTN:  Field  Artillery  Agency 

Fort  Sill,  OK  73503 

1  Deputy  Chief  of  Staff  for 
Intel  1 igence 
USA-Furope 
ATTN:  Tech  Sec 

AP0  New  York  09131 


No .  of 

Copies  Organlzat ion 

1  Commander 

US  Army  Kurope 
ATTN:  AFACB-l’DN  (Sf.K) 

APO  New  York  0940* 

1  Commander 

US  Army  Agency  tor  Avi.it  inn 
Safety 

Fort  Rucker,  AI.  36  360 
]  Commandant 

L’S  Armv  Command  and  Genera! 

Staff  Col  I  eg e 
ATTN:  Archives 

Fort  Leavenworth,  KS  66027 

3  Chief  of  Naval  Operations 
ATTN:  NOP- 05 
NOP- 34 
N0P-96G2 

Department  of  the  Navy 
Washington,  DC  20350 

5  Commander 

Naval  Air  S vs terns  Command 
ATTN:  AIR- 5204  (2  tvs i 

AIR- 6 04  (  )  ,  vs) 
Washington,  DC  20  if- 1 

3  Commander 

Naval  Air  Systems  ( ,-mnand 
ATTN :  A  1 R- 3 30 
A  IK- ou  a /. 

AIR-  i  if.'1  IF 
AIK-  <  i< ! 

AIK-  i  1  * 

Washington,  Dt 

2  Cotnmandei 

Naval  Sea  S’,  stems  l  err'  . a.: 
ATTN.  fed.  1’-  : 

W.  is!  i  in  g  t  on  .  Di  ’ 


/ 


DISTRIBUTION  1. 1ST 


Orjjan  izati  oil 


No.  ol 
Cop  les 


Organ  i  zajM  on 


1  Commander 

Naval  Air  Development  Center 
ATTN:  Code  201? 

Warminster,  DA  18974 

1  Commander 

Nava!  Surface  Weapons  Center 
. \  ITN :  Code  N-23 
Code  N-ll 

Silver  Spring,  MD  20910 

v'omniander 

Naval  Surface  Weapons  Center 
VT'"N:  Code  C— 10 

'NiMl’.ron,  VA  22448 

(  Corip'.inder 

Naval  ..'capons  Center 
A ITN :  Code  118 

Code  317,  M.  Keith 
Code  1831,  M.  Backman 
China  Take,  CA  93555 

N  "mander 

"a va 1  Ammunition  Depot 
ATTN:  RD-3 

Crane,  IN  47522 

2  Commander 

Naval  Research  Laboratory 
ATTN:  Code  6003 
Code  8443 

Washington,  DC  20375 

1  mmandant 

Marine  Corps 
rTN:  Code  AAP 

C A  AW- 1 
Code  IAW-5 

Washington,  DC  20380 


1  Director 

Development  Center,  MCDFC 
Ouantlco,  VA  22134 

1  HO  IJSAF  (AKSCACF) 

Washington,  DC  20330 

4  HO  AFSC  (XRI.W;  SDK;  SDDF. 

Dl.OA) 

Washington,  DC  20331 

1  HS  Army  Field  Office 
HO  USAF  Systems  Command 
ATTN:  SD0A 

Andrews  AFB 
Washington,  DC  20334 

3  AFSC  (  SD0A/CCJ /  SDAF. ) 

Andrews  AFB 
Washington,  DC  20331 

1  ADTC  (SES) 

F.glin  AFB,  FI.  32542 

1  USAFTAWC  (0A) 

F.glin  AFB,  FI.  32542 

1  AFATL  (DI.YV) 

Eglin  AFB,  FL  32542 

1  OSU 

ATTN:  Mr.  R.  Armstrong 

Eglin  AFB,  FL  32542 

1  AFWL/PG 

Kirtland  AFB,  NM  87117 

1  TAC  (DIO) 

Langley  AFB.,  VA  23365 

1  AFFDL  (FES) 

Wr ight-Patterson  AFR,  OH  45433 


i 


nisiKitu  tion  i.isi 


No.  oi 


No.  of 


Cop  i  os  ( ir^.tn  i  za  t  ion 


Cop  iy;  Orj^an  i  za L  ion 


1  A  FA  PI,  ( SFII ,  K.  Clodfelter) 

Wr  igh  t  -  Pa  t  t  erson  AFP,  011  4543) 

2  ASD/F.NFTV  (Mr.  .1.  Wallick) 

Wr  ight-Pat  terson  All),  OH  434  )3 

1  ASD/XROT  )<;.  1).  Bonne  1 1 ) 

Wr  i  gh  t  -  Pa  t  t  erson  AFI),  OH  434  )3 

-4  AFI.C  (MCNFA  W.  Dougherty 

PPSC,  K.  Mergler;  MM1IM,  K. 
Swanson;  MEA,  001,  T.  Egan) 

Wr  iglit -Pat  terson  AFB,  OH  43433 

2  Pi  roe  tor 

National  Aeronautics  and 
Spare  Administration 
Langley  Research  Center 
ATTN:  MS  246F,  L.  Bement 

MS  249,  .1.  Ward 
Hampton,  VA  2  3(363 


1  Fairchild  Industries 

Fairchild  Republic  Division 
ATTN;  I).  Watson 
Farmingdale  1. 1  ,  NY  1  I  7  J3 

I  Falcon  Research  and 

lleve  I  opmen  1  (.3  impa  n  v 
ATTN:  Walter  Doug,  lass 

696  Fa irmount  Avenue 
Ba  1  t  imore  ,  Ml)  2  I  204 

1  Falcon  Research  and 

Deve 1 opment  Companv 
109  Inverness  l)r  Fast 
Englewood,  0A  HOI  12 

1  Falcon  Research  and 

Devel opment  Command 
ATTN;  Arthur  Stein 
One  American  Drive 
Buffalo,  NY  14253 


l)  L  roe  t  or 

Lewis  Directorate 
I'S  Army  Air  Mobility  Research 
and  Development  Laboratory 
Lewis  Research  Center 
(Mail  Stop  77-3) 

Cleveland,  01!  44133 


1  General  Electric  Companv 
Military  Engine  Products 
Di vi s ion 

ATTN:  E.  L.  Richardson 

Building  2406A 
1000  Western  Avenue 
West  Lvnn,  MA  01910 


1  AVC0  Lycoming  Division 
ATTN:  Mr.  R.  Cunv 
330  Main  Street 
Stratford,  CT  06497 


1  General  Electric-TEMPO 
ATTN.  F..  Bryant 
220  S.  Main  Street,  Km  20h 
Bel  Air,  MD  21014 


1  Commander 

FS  Armv  Hughes  Plant  Activit1 
ATTN:  DAVHL’-A 
2560  Walnut  Avenue 
Venice,  CA  90291 

The  Boeing  Companv 
Vertrol  Division 
ALIN.  Dave  Harding 
P .  O .  Box  16838 
Philadelphia,  PA  19142 


1  Bell  Helicopter  Textron 
ATTN:  Mr.  Niles  Fischer 

P.  0.  Box  482 
Fort  Worth.  TX  76101 


)“ 


in  M  K  I  HI'  I  I  l)N  LIST 


or^.m  1  /-.i l  i  i'i'. 


NT . .  of 

Cop ios  Orgp.uiz. 


1  TV  .Vrosp.no  Corpora  t  i <>n 
Vouv.lU  Svstoms  Division 
i  i  N .  D.  M.  Kooilv  -  Du  i  l 
p  •*  J  T  V 

1 .  r„.\  i do 7 
i  !  1 .1.-  .  i  X 

K.'i- Up  1  I  lult'  rn. 1 1  i  on. i  1 
I  op  Anp.olos  A  i  r  v  ■  r .  1 1  t  Division 
. \  I  T  N  :  K .  I. .  Moon.in 

M.ii!  i  op.ii-  ait;  i 

I  r. :  i  i  n.it  ion  1 1  A  i  rport 
.  .  Aiis'.i- 1 1  s  ,  LA  ‘i’ll i'  A* 

.  i  •  i  .1  A  i  [-0  i  a  I  I  C<.  rpor.it  ion 
i  :  .  i!t  isi.'i! 

I  .  X  Oi.il  t 

N-  :  P'-.t  i  1  i :  t  p  .  ' 

“in  mo  .ns:  si-' 

.  i  IU  sr.'ii: 


Abo  nil-ton  i’rovinj; 

Dir,  r SAMS A A 
ALTN.  PUXS.Y 
i  i  K  X  S  V 

i).  o' 
I.  Lb 

(Tit  ,  I  SAM  COM 
AT  IN:  DKSYf 
M  r . 


Dir,  I 'SACS  I.,  I', 
ATTN.  DiiilAl-: 

Dir.  I’SAMi  SSD, 
ATTN.  ;  Hi  DAK 

Mr . 

Ms. 

Mr. 

Mr. 


j  t  i  or. 

X round 


D 

Ml',  II.  (o  'ipp  ■ 


i  Ti  r  tin. 


-To-  I- 
Musll.illJ- 

1  d n .  I. To  J  O' 

-Cl  K-I’A 

i;l ilp.  -; t 

-MSI-.-'! 

W.  K.  i  i  i  n  i 
.1.  il.  v.Ti  i  ti-r 
H.  .1.  Hartman 
K.  F. .  Amos 


IIS1-K  I. VALUATION  01  Rhl’OR'I 


Tie 

a  sc  t 

ake  a  few  mi 

nut  es 

t  o 

answer  th 

c  quest 

ions 

be  1 ou ; 

t  ea r  out 

t  h  i 

s  she 

0  t  .  1  n  1 1 1  ;  1  s 

i in!  i  c; 

it  ed 

,  Staple 

or  tape 

do 

sed,  and 

p  1  ace 

i  ii 

t  he  i:i 

ail.  i  oi  i  r  c 

eminent 

S  \\ 

i 1 1  prov  i 

de  us  u 

i  t  h 

i  n forma t 

ion  for 

i  i:ip 

TOY  I  11 

g  tiit  ure  rep 

or t  s  . 

i . 

Bit  1. 

Report  Numbe 

r 

■> 

Does 

this  report 

satis 

;  f  y 

a  need? 

( Commen 

t  on 

j)u  rpo.se 

,  related 

pro 

iect , 

or  other  area  of 

int 

crest  for 

whi  ch 

repo 

rt  wi  1 1 

be  used.) 

3.  Ilow,  specifically,  is  the  report  be  in*;  used?  ( I  n  format  i  on 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) 


4.  lias  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  tests 
avoided,  efficiencies  achieved,  etc.’.’  If  so,  please  elaborate  . 


5.  General  Comments  (Indicate  what  you  think  should  he  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  roadability,  etc.) 
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